We sought to determine the expression and prognostic significance of HER2 and c-KIT proteins in nasopharyngeal carcinoma (NPC). In this retrospective study, immunohistochemical stains for HER2 and c-KIT were performed on formalin-fixed paraffinembedded sections from 49 patients with NPC who were treated at our hospital from 1971 to 2000. The clinical and immunohistochemical data were correlated, including gender, ethnic origin, age, histological type, EBV status (EBER in situ hybridization), stage, and overall survival. HER2 expression was not found in the tested samples. C-KIT overexpression was found in 33% (16/49) of the patients. Nine of the 16 samples (56%) were strongly positive for c-KIT protein (staining of >50% of the tumor cells). C-KIT expression was associated with younger age. C-KIT was not found in patients with squamous carcinoma or in those with negative EBV status, although these two groups consisted of only five patients each. Although c-KIT-positive cases tended to be associated with slightly better survival, this was not statistically significant. C-KIT protein was expressed in one third of the NPC patients in this study, only in EBV-positive, undifferentiated, or nonkeratinizing carcinoma patients. Further study is needed to check whether c-KIT expression is correlated with c-KIT DNA mutations and to test the possibility of treatment with imatinib mesylate (Gleevec). HER2 protein was negative in the same tested specimens.
Nasopharyngeal carcinoma (NPC) has distinct epidemiological, pathological, and clinical characteristics among head and neck carcinomas. It is highly prevalent in southern China (1) , and Israel is one of the world's intermediate risk areas for NPC, with most patients having Type III histology (undifferentiated carcinoma) and advanced stage on diagnosis (2) . In contrast with other head and neck carcinomas, distant metastases develop in approximately 50% of all cases of NPC (3, 4) . Because the tumor is radiosensitive, radiotherapy is the primary treatment modality. Although radiation therapy is highly effective in controlling locoregional disease, the majority of treatment failures are a result of distant metastases. The new treatment approach in locoregional Stage III and IV patients of radiotherapy with concurrent cisplatin followed by adjuvant chemotherapy has shown better progression-free survival and overall survival (5) . This treatment is now considered as the standard treatment for locally advanced NPC. However, even within the same staging category, there will be variability in patient outcome, indicating the influence of other factors that affect tumor response to therapy.
HER2 (c-erbB-2) is a proto-oncogene that encodes a human epidermal cell growth factor receptor-like protein. In vitro and animal studies have suggested that HER2 gene amplification and protein overexpression might play a pivotal role in tumorigenesis (6) . There is increased evidence that an HER2-positive status is of independent prognostic or predictive relevance in a variety of human cancers, including breast, ovarian, gastric, and non-small cell lung cancer (7) (8) (9) (10) . In NPC, there are conflicting data about the status of HER2 in the DNA level, the protein level, and the prognostic value of the findings (11) (12) (13) (14) .
C-KIT (CD117) is a transmembrane growth factor receptor for stem cell factor. It belongs to the family of Type III receptor tyrosine kinases and is structurally and functionally closely related to the platelet-derived growth factor receptor (15, 16) . The C-KIT receptor is expressed in a limited variety of cell lineages, including mast cells, germ cells, interstitial cells of Cajal, and melanocytes (17, 18) . Although weak immunohistochemical staining has been reported in a variety of tumors (17) , strong C-KIT expression is largely limited to gastrointestinal stromal tumors (GIST) (18) , mast cell disease (17) , seminoma (19) , few melanomas, and few serous ovarian carcinomas (17) . To the best of our knowledge, c-KIT has not been studied in a large series of NPC patients.
The new cancer therapy directed at specific signaling pathways of cancer cells showed remarkable efficacy in HER2-positive advanced breast cancer patients with trastuzumab (Herceptin) treatment (20) or with imatinib mesylate (Gleevec) in c-KITpositive GIST (21) . The possibility of treating other malignant tumors with those agents prompted this study of the expression of HER2 and c-KIT in NPC. Given these observations, we evaluated a cohort of NPC patients who were primarily treated with radiation or chemoradiation therapy from a single Israeli institution and correlated clinicopathological data with immunohistochemical staining for HER2 and c-KIT.
MATERIALS AND METHODS

Patients
A total of 244 patients with NPC treated at Rambam Medical Center in Haifa, Israel, from 1971 to 2000 were identified from the tumor registry records of the Department of Oncology. Inclusion criteria consisted of the availability of histologically confirmed, adequately sized tissue specimens of NPC that were available from the department of pathology in the same medical center. Follow-up records for a minimum period of 2 years after completion of treatment or until the diagnosis of recurrence were also required. Forty-nine cases were adequately available for immunohistochemical stains and were included in the study, and latest status was known for 47 patients (follow-up on 2 patients was not found). Treatment consisted of irradiation only or combined irradiation and chemotherapy. The patient's hospital charts and the national tumor registry records were reviewed to determine clinical stage, distant and nodal metastatic status, and survival. Clinical stage was determined according to the 1998 American Joint Committee of Cancer criteria, but complete clinical stage was found for only 37 patients. Data regarding recurrence were missing in some charts and, therefore, were not included in the statistical analysis. Survival statistical analysis was performed for the following: alive without disease (all with follow-up of Ͼ5 years), dead of disease, and dead without disease.
Immunohistochemical Staining
The tissue sections were deparaffinized in xylene twice for 10 minutes each and then rehydrated in graded alcohols and rinsed in tap water. Before immunostaining for HER2, the slides were microwaved at 92°C for 15 minutes in buffer EDTA (pH ϭ 8; Zymed Laboratory, San Francisco, CA), followed by cooling for 20 minutes at room temperature. All samples were stained in the Ventana immunostainer (NexES) according to manufacturer's instructions. For HER2, a polyclonal anti-HER2 antibody (DAKO, Glostrup, Denmark) at a dilution of 1:1100 was used. Heat-induced antigen retrieval was not performed before c-KIT immunostaining. For c-KIT, a polyclonal antibody (DAKO) at a dilution of 1:150 was used. Finally, the slides were counterstained with hematoxylin and mounted. For positive controls, a HER2-positive breast carcinoma and a c-KIT-positive GIST were used. Negative controls for all immunostainings were derived by substituting the primary antibody with normal rabbit serum.
All slides were evaluated without knowledge of the patient's clinical status. The positive tumor cells were graded according to the number of positive cells. Only moderate-to-strong complete membrane staining of Ͼ10% of the cells was considered as positive HER2 staining. Only unequivocal cytoplasmic staining of Ͼ10% of the cells was considered as positive c-KIT staining, which was further subdivided to staining of 10 -50% of the cells (positive) and staining of Ͼ50% of the cells (strongly positive).
Epstein-Barr virus (EBV) status was determined by EBER in situ hybridization, which was performed according to the manufacturer's instructions (Novocastra Laboratories, Newcastle, UK), including positive controls given by the manufacturer and negative controls in every sample stained without the specific probe.
Statistical Analysis
Data were analyzed using SPSS 11.0 software. The 2 test was used to compare categorical variables between two groups, and the t test, to compare means of continuous variables. Kaplan-Meier survival analysis was used to compare between c-KITpositive and -negative cases.
RESULTS
Of the 49 patients (38 males and 11 females) included in the study, median age at diagnosis was 45 years (mean: 42 y; range: 10 -76 y). All the pa-tients without evidence of disease at the end of treatment had more then 2 years of follow-up. Maximal follow-up was 21 years; median follow-up was 5 years for the entire group and 10 years for the patients who are still alive. Only two patients had recurrent disease and are still alive. One patient is alive without disease 3 years after resection of a single lung metastasis. Anther patient had bone metastases 3 months after completing radiotherapy treatment and is still alive 2 years from the initial diagnosis.
Demographic details and tumor characteristics are seen in Table 1 . Most patients (67% (23/37) of those with known staging) were in Stage IV. The common histology was undifferentiated carcinoma (67%), and most of the patients had positive EBV status (90%). Median survival for the entire group is 11.5 years.
HER2
None of the cases showed positive staining.
C-KIT C-KIT expression was absent in normal nasopharyngeal epithelial cells when present in the slides. Infiltrating mast cells scattered in the stroma showed strong c-KIT membrane staining, providing an internal positive control for most cases. Sixteen of the 49 (33%) specimens were positive for c-KIT.
The majority of the positive tumor cells showed diffuse cytoplasmic staining, some with membranous accentuation (Fig. 1) . In addition, three other specimens had weak positive staining of Ͻ10% of the tumor cells and thus were considered as negative. There was no case with positive staining of 10 -30% of tumor cells. Seven specimens showed positive staining of 30 -50% of the tumor cells. Nine specimens had strongly positive staining of Ͼ50% of the tumor cells (Fig. 1) .
Correlation between Clinical Data and Positive C-KIT Staining
The patients with c-KIT-positive staining were statistically younger than the negative-staining patients (mean age, 29 Ϯ 14 y versus 47 Ϯ 16 y; P ϭ .001). Survival was correlated to age (P Ͻ .015). Although patients with c-KIT expression showed survival advantage over those without (Fig. 2) , the difference was not statistically significant. The number (%) of c-KIT-positive patients in each clinical and pathological category can be seen in Table  1 . Only patients with undifferentiated or nonkeratinizing carcinoma showed c-KIT-positive staining, whereas the five samples of squamous carcinoma were negative. Only positive EBV samples had c-KIT-positive staining, whereas the five samples of negative EBV status were negative. In other categories, no statistically significant difference was detected between patients with/without c-KIT expression. Median stage of the c-KIT-negative patients was 4a, whereas median stage of the c-KIT-positive patients was 3 to 4a (NS). There were c-KIT-positive patients in all stages and four such patients in the group of unknown-stage patients.
DISCUSSION
HER2 (c-erbB-2) is a proto-oncogene that encodes a human epidermal cell growth factor receptor-like protein (6) . The pivotal publication in 1987 by Slamon and colleagues (7) demonstrated that HER2 gene amplification independently predicted overall survival and disease-free survival in node-positive breast cancer patients. Since then, HER2 as a prognostic or predictive factor has been the focus of intensive study. Prognostic value has been found in some other cancers, such as ovarian, non-small cell lung, gastric (8 -10) , and others, although clinical benefit from treatment with trastuzumab has not been found in cancers other than breast carcinoma. The role of HER2 as a prognostic marker in NPC is controversial, and even the finding of oncogene amplification or oncoprotein overexpression is unsettled. In the study by Roychowdhury et al. (11) , in which either cytoplasmic or membranous staining were defined as positive HER2 overexpression, 46% of the cases were positive, with correlation to disease-free survival and overall survival. It is not clear from the study how many positive cases had membranous staining, and the monoclonal antibody that was used is not in regular use for HER2 staining in breast cancer cases. We considered only ϩ3 or ϩ2 positive membranous staining as overexpression, following the criteria used for breast carcinoma. In a study by Yan et al. (12) , 20% of the cases showed HER2 overexpression (ϩ2 or ϩ3) by immunohistochemical analysis, but none had gene amplification by fluorescence in situ hybridization (FISH). Similar negative results, using the same immunohistochemical staining as in our study, were found by Shnayder et al. (13) . The only HER2 gene amplification, using polymerase chain reaction (PCR) with correlation to T stage, was found by Yazici et al. (14) . The meaning of their finding is not clear, as PCR is not used routinely in HER2 gene amplification studies in breast cancer patients. The c-KIT proto-oncogene codes for a Type III tyrosine kinase receptor protein (CD117) that is structurally related to other transmembrane receptors, including platelet-derived growth factor and colony-stimulating factor 1 (15, 16) . Expression of CD117 in normal human tissues has been reported to be strongly positive (mostly membranous) in mast cells and germ cells, and moderately positive (cytoplasmic) in breast ductal epithelium, some renal tubules, gastric parietal cells, melanocytes, and ovarian cells (17) . There are no data about the expression of CD117 in normal head and neck tissues. In the large study by Arber et al. (17) , 576 human tumor tissues were studied for c-KIT (CD117) expression. Mast cell disease showed diffuse strong positive staining. Of the other examined tumors, some of the seminoma germ cell tumors, serous ovarian carcinoma, and melanoma showed a moderately to strongly positive expression of CD117. Other studies found strong positive staining in some childhood sarcomas (22) , angiomyolipoma (23) , and adenoid cystic carcinoma (24) . In GIST, it was recently reported that c-KIT activation occurs in all cases, regardless of the mutational status of c-KIT (25) . To the best of our knowledge, the current study is the first to look for CD117 expression in NPC. To avoid non-specific overstaining of tumor cells, as noted by Hornick and Fletcher (26), we did not use heat-induced antigen retrieval in our study before staining the slides for c-KIT. In previous studies, several cutoff levels of c-KIT expression were used, ranging from 10 (27) to 20% (28), 25% (23) , and even 50% (24) . Although we used a cutoff level of 10%, all our positive cases had staining of Ͼ30% of cells, and the staining intensity of the three cases with Ͻ10% of cells was weak. Further studies are needed to determine the best cutoff level that correlates with clinical parameters.
According to the current study, patients with c-KIT-positive tumors were younger than the c-KITnegative cases: 7 of 10 children but none of the 60ϩ patients were c-KIT positive. Most of the NPC patients in Israel, as found in our study also, have undifferentiated carcinoma, EBV-associated (2). All patients with squamous histology and patients with negative EBER were c-KIT negative. However, as the total number of cases was small, a larger study including greater numbers of patients with squamous carcinoma histology or EBV-negative status is needed to validate these results. Although a trend for better survival was seen for positive c-KIT patients, it did not reach statistical significance. c-KIT expression did not add prognostic value to known prognostic factors (stage and histology) in the current study, but a larger study is warranted to test its possible value. It could be that the study group was too small to show the possibility of c-KIT being a positive prognostic factor and that a larger group study is needed. Because immunohistochemical analysis cannot identify tumors as KIT-signaling driven (29) , demonstration of KIT activation by molecular analysis is recommended for the optimal use of tyrosine kinase inhibitors in clinical practice.
CONCLUSION
c-KIT protein was expressed in one third of the NPC patients in the current study, only in EBVpositive undifferentiated or nonkeratinizing carcinoma cases. Further research is needed to identify c-KIT DNA mutations or c-KIT activation and to test the possibility of treatment with imatinib mesylate. HER2 protein was not found in the same tumors.
